3 is a major human acute phase reactant composed of five identical subunits (1, 2). Accumulating evidence demonstrates that the actions of CRP depend on conformation and localization (3-5). CRP is primarily produced by the liver and circulates in the blood as a pentamer but is induced to dissociate into subunits (monomeric CRP, mCRP) upon interaction with the microenvironment at inflammatory loci (6 -18). mCRP exhibits markedly enhanced activities and recognizes an expanded list of binding partners. Following reduction of the intra-subunit disulfide bond, mCRP can be further activated (19). The degradation of mCRP, on the other hand, would generate bioactive fragments showing anti-inflammatory actions (20 -23). The differential contributions of these CRP conformations at distinct locations may therefore account for the intense controversies regarding the function of CRP in animal models and in clinical studies (3-5). mCRP appears to be the major conformation of CRP that regulates local inflammation (3-5), yet how it acts remains incompletely understood. In particular, though the markedly enhanced binding capability of mCRP underlies its actions, little is known through which sites mCRP recognizes diverse ligands. Consequently, no means is available to specifically modulate the actions of mCRP, which is necessary for clarifying the exact contributions of different CRP conformations in vitro and in vivo. The current study was designed to identify the recognition site of mCRP for ligand binding. The results unexpectedly demonstrated cholesterol binding sequence (CBS) as a versatile motif that mediates the interactions of mCRP with different types of ligands, including two newly identified herein. We further showed that synthetic CBS peptide was able to inhibit the proinflammatory actions of mCRP both in vitro and in vivo. Hence, optimized CBS peptide may be developed as a potential inhibitor of mCRP.
The potency and specificity of CBS are critically determined by the N-terminal residues Cys-36, Leu-37, and His-38; while the versatility of CBS appears to originate from its intrinsically disordered conformation polymorphism. Together, these data unexpectedly identify CBS as the major recognition site of mCRP and suggest that this motif may be exploited to tune the proinflammatory actions of mCRP.
C-reactive protein (CRP)
3 is a major human acute phase reactant composed of five identical subunits (1, 2) . Accumulating evidence demonstrates that the actions of CRP depend on conformation and localization (3) (4) (5) . CRP is primarily produced by the liver and circulates in the blood as a pentamer but is induced to dissociate into subunits (monomeric CRP, mCRP) upon interaction with the microenvironment at inflammatory loci (6 -18) . mCRP exhibits markedly enhanced activities and recognizes an expanded list of binding partners. Following reduction of the intra-subunit disulfide bond, mCRP can be further activated (19) . The degradation of mCRP, on the other hand, would generate bioactive fragments showing anti-inflammatory actions (20 -23) . The differential contributions of these CRP conformations at distinct locations may therefore account for the intense controversies regarding the function of CRP in animal models and in clinical studies (3) (4) (5) . mCRP appears to be the major conformation of CRP that regulates local inflammation (3) (4) (5) , yet how it acts remains incompletely understood. In particular, though the markedly enhanced binding capability of mCRP underlies its actions, little is known through which sites mCRP recognizes diverse ligands. Consequently, no means is available to specifically modulate the actions of mCRP, which is necessary for clarifying the exact contributions of different CRP conformations in vitro and in vivo. The current study was designed to identify the recognition site of mCRP for ligand binding. The results unexpectedly demonstrated cholesterol binding sequence (CBS) as a versatile motif that mediates the interactions of mCRP with different types of ligands, including two newly identified herein. We further showed that synthetic CBS peptide was able to inhibit the proinflammatory actions of mCRP both in vitro and in vivo. Hence, optimized CBS peptide may be developed as a potential inhibitor of mCRP.
Experimental Procedures
Reagents-Human native CRP (purity Ͼ 99%) purified from ascites was purchased from the BindingSite (Birmingham, UK; catalogue number: BP300.X). mCRP and acylated Cys-mutated mCRP was prepared as described (19, 24) . Proteins were dialyzed to remove NaN 3 , and passed through Detoxi-Gel Columns (Thermo Fisher Scientific, Rockford, IL; catalogue number: 20344) to remove endotoxin when necessary. CRP peptides (purity Ͼ 98%) were synthesized by Science Peptide Biological Technology (Shanghai, China). Lyophilized peptides were reconstituted aseptically with DMSO at 40 mg/ml and stored at Ϫ20°C in aliquots or kept at 4°C for a maximum of 1 week.
Mouse anti-human mCRP mAbs were generated as described (25) .
Ligands examined in the present study include: C1q (Calbiochem; catalogue number: 204876), fibronectin (BD Biocoat, San Jose, CA; catalogue number: 354008), ApoB (Biodesign, Memphis, TN; catalogue number: A50220H), collagen IV (Sigma, catalogue number: C7521), fibrinogen (Merck, Kenilworth, NJ; catalogue number: 341576) and cholesterol (Avanti, Alabaster, AL; catalogue number: 700000). Other reagents were from Sigma unless otherwise stated.
Purification of mCRP Mutants-Expression vectors of Histagged wild type and mutant mCRP were induced in Escherichia coli. with 0.5 mM IPTG for 4 h at 37°C. Inclusion bodies were collected, washed, and solubilized overnight with 6 M GuHCl at 4°C. The supernatants were filtered twice with 0.22 m membranes and loaded onto Ni-NTA His Bind columns. The bound proteins were washed with PBS containing 40 mM imidazole, 6 M GuHCl, followed by elution with PBS containing 500 mM imidazole, 6 M GuHCl. The eluted proteins were regenerated, citraconylated, and kept in buffers of 10 mM Tris, 15 mM NaCl, pH 7.4.
Ligand Binding-The interaction of mCRP with its ligands were determined with ELISA (19, 26) . Briefly, microtiter wells were coated with the indicated ligand overnight at 4°C. All the following steps were performed at 37°C. Wells were washed three times with TBS (10 mM Tris, 140 mM NaCl, pH 7.4) containing 0.02% Nonidet P-40 and blocked with 1% BSA, TBS. mCRP with or without indicated synthetic peptide was then added for 1 h. mCRP binding was detected with 3H12 mAb and a HRP-conjugated secondary antibody. Wells were developed with TMB and stopped with 1 M H 2 SO 4 .
Membrane Insertion-The interactions of synthetic peptides with lipid membrane were examined with Trough-S microbalance (Kibron, Finland) (27, 28) . The trough was filled with TBS followed by spreading of lipid onto the buffer surface. Peptides were then injected into the subphase to a final concentration of 600 nM through the side hole. The surface pressure of monolayer was recorded at an interval of 1 s for about 6000 s. All experiments were performed at 23.0 Ϯ 0.5°C. An increase of surface pressure reflects the insertion of peptide into the hydrophobic core of lipid monolayer.
Monocyte Adhesion to Endothelial Cells-Primary human aortic endothelial cells (HAEC, Lifeline Cell Technology, Frederick, MD; catalogue number: FC-0027; lot number: 01381) were cultured as described (19, 29) . Confluent HAEC monolayers (passages 3-6) in 24-well plates or on coverslips were rinsed twice with PBS containing 1 mM CaCl 2 and 1 mM MgCl 2 and labeled with Calcein AM for 15 min at 37°C. Human monocytic cell line U937 were labeled with Hoechst 33342 for 10 min at 37°C. HAEC monolayers were pre-incubated with 2.5 mg/ml peptides for 30 min. After gentle rinsing, 2 ϫ 10 5 U937 cells were added together with 50 g/ml mCRP for 60 min at 37°C. Non-adherent monocytes were removed by washing and adherent cells were counted by confocal microscopy.
Induction of Inflammatory Response in Mice-Male Kunming mice (25 Ϯ 2g) were intraperitoneal injected with PBS or mCRP (2.5 mg/kg) with or without the indicated peptide (14 mg/kg). Peritoneal fluid was collected 2 h later and assayed for IL-6 content by specific ELISA kit. The experiments conformed to the Guide for the Care and Use of Laboratory Animals published by NIH, and were conducted according to the protocols approved by the Ethics Committee of Animal Experiments of Xi'an Jiaotong University.
Molecular Dynamics (MD) Simulation-The initial structures of CRP peptides were taken from the crystal structure (PDB 1B09) (30) . CBS and control CRP peptides were immersed together into the explicit solvate box with the size of 57 ϫ 50 ϫ 52 Å 3 using TIP3P water model with infinite periodic boundary conditions (31) . The minimization protocol used the conjugate gradient method. The nonbonded cutoff takes 12 Å for the calculation of electrostatics potential according to particle-mesh Ewald (PME) method. MD simulations were performed by NAMD 2.9 with CHARMM27 force field (32) under constant pressure (1 bar) and temperature (300 K) employing the langevin thermostat and langevin barostat method, respectively. The entire system was minimized for 2 ps, equilibrated for 1000 ps, and finally simulated for 100 ns with a 2-fs step. The results were visualized and analyzed with VMD software (33) .
Statistical Analysis-Data were presented as mean Ϯ S.E. Statistical analysis was performed by the two-tailed Student's t test, one-way ANOVA with Tukey post hoc or K-S tests as appropriate. Values of p Ͻ 0.05 were considered significant.
Results

Cholesterol Binding Sequence Inhibits mCRP Binding to
Diverse Ligands-As the generation of mCRP is associated with a dramatic loss of tertiary packing (6, 19, 34) , we reasoned that linear sequence motifs may play a predominant role in mediating the interactions of mCRP with its ligands. We thus synthesized a panel of peptides derived from CRP sequence, and examined whether they were inhibitory on ligand binding of mCRP (Fig. 1A) . These peptides are distributed across the entire length of CRP sequence and covered the major secondary structure elements, showing variations in their physical properties such as molecular weight, isoelectric point, net charge and hydrophobicity (Fig. 1B) . Moreover, most of the peptides have also been reported to be biological active ( Fig. 1C) (20 -23, 35-41) .
ApoB is a known ligand for mCRP to regulate metabolism of low density lipoprotein ( Fig. 2A and ref. 27 ). Competition assays revealed that a.a. 35-47, i.e. the CBS peptide, was able to abrogate the high affinity binding of fluid phase mCRP to immobilized ApoB; while no inhibition was observed with other peptides (Fig. 2A) . When competition assays were conducted in a reverse setting of fluid phase ApoB and immobilized mCRP, comparable results were obtained (data not shown). Though reduced and Cys-mutated mCRP are stronger binder than (non-reduced) mCRP (19) , their binding to ApoB could still be abrogated by CBS peptide (data not shown).
C1q is a known ligand for mCRP to activate the classical pathway of complement (Fig. 2B and Ref. 26 ). Because mCRP is predominantly tissue-associated and may contribute to thrombosis (3-5), we also tested whether extracellular matrix (fibronectin and collagen I and IV) and blood coagulation (fibrinogen) proteins were mCRP ligands in the present study.
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Avid binding of mCRP to these proteins was observed (Fig. 2,  C-E) , supporting a role of mCRP in tissue localized, extracellular matrix relevant processes. Surprisingly, CBS peptide was again most potent in inhibiting these interactions (Fig. 2, B-E) . Amino acid sequences 83-90 and 92-106 also showed some extent of inhibition albeit the potency was much lower, indicating an auxiliary contribution at best.
CBS has been shown to mediate the interaction of mCRP with cholesterol-enriched lipid rafts in cell membranes (41) . Accordingly, we found CBS peptide was inhibitory in assays evaluating the binding of mCRP to cholesterol (Fig. 2F) . Additional experiments confirmed the direct binding of CBS, with a C-terminal labeled biotin, to all the 6 ligands (data not shown). These suggest that CBS may form the major recognition site of mCRP with sufficient plasticity to accommodate ligands with widely varied topologies, ranging from protein to lipid. Of note, the tendency of mCRP to form high order assemblies (i.e. aggregates) results in the presentation of multivalent binding clusters, which could explain the relative low IC 50 of CBS peptide. Accordingly, CBS synthesized as the multiple antigenic peptide with 4 branches improved the IC 50 by over an order (Fig. 2) .
CBS Exhibits Intrinsically Disordered Region-like Characteristics-To understand the mechanism of binding, we first characterized the structural features of CBS. Within the crystal structure of CRP subunit as resolved in its pentameric conformation, CBS exhibits ␤-strand and primarily loop conformation on the N-and C-terminal halves, respectively (Fig. 3A) . By using circular dichroism, the secondary structure of synthetic CBS peptide was also determined to be mainly composed of ␤-sheet (ϳ35%) and unstructured elements (ϳ13% turn, ϳ45% coil) (Fig. 3B) . These features were largely preserved during the 100-ns molecular dynamics simulation, in which the N-terminal portion of CBS peptide was more likely to be ␤-strand while the C-terminal portion tended to be unstructured (Fig. 3C) . Nevertheless, CBS peptide also exhibited continuous and prominent conformation fluctuations throughout the simulation. At the residue level, spontaneous and reversible conversion between ␤-sheet and coil conformations was evident though the probability of conversion was non-uniform along the length of CBS (Fig. 3C) . The most striking changes, however, occurred at the level of the overall configuration as evidenced by the up to 8 Å backbone root-mean-squared deviation (Fig. 3D) . Such changes were due to large variations in the relative spatial positioning between the N and C termini of CBS peptide (Fig. 3E) . By contrast, two control CRP peptides, i.e. a.a. 92-106 (with structural features similar to CBS) and a.a. 107-118, kept their conformations stable during the same simulation.
The frequent oscillation to and from coil conformation, the dynamic fluctuation though a range of overall configurations and the binding versatility of CBS closely resemble the structural and functional features of intrinsically disordered region (42) . Indeed, most part of CBS except for a.a. 36 -39 was predicted to be disordered using the Protein Disorder Prediction Server (43) at a 3% false positive rate cut-off. It has been shown that structural polymorphism of intrinsically disordered region allows dynamic sampling of configurations suitable for recognizing different targets, with the binding process being facilitated by pre-formed secondary structural elements (42) . Therefore, we reasoned that the N-terminal residues, in particular a.a. 35-38, with high tendency to form rigid ␤-sheet (Fig. 3C) , provide the scaffold for tight interaction, while the disordered C-terminal portion might confer the required plasticity to accommodate distinct ligands.
N-terminal Residues Determine the Performance of CBS-
With above hints, we synthesized a series of CBS truncation mutants and assessed their inhibitory effects. The absence of N-terminal residues (i.e. peptides of a.a. 41-47 and a.a. 39 -47) abrogated, whereas the absence of C-terminal residues (i.e. peptide of a.a. 35-42) markedly impaired but did not abrogate the capacity of CBS mutants to inhibit ligand binding of mCRP (Fig.  4) . These results are consistent with the aforementioned interpretation that the 4 N-terminal residues (i.e. a.a. [35] [36] [37] [38] are essential for binding with the C-terminal residues necessary for optimized recognition. The necessity of the latter was further exemplified by the ineffectiveness of a.a. 27-38 in inhibiting mCRP-ligand interactions (Fig. 4) .
Alanine scanning was then performed to delineate the respective contributions of the 4 N-terminal residues (Fig. 5) . The results clearly indicated that the recognition of different ligands by CBS depended on distinct combinations of individual residues. Of the 4 residues, Leu-37 was the most essential one being the common requirement for binding to each ligand. By contrast, Val-35 appeared to be marginally involved. His-38 was also infrequently required, suggesting that CBS binds ligands mainly via hydrophobic interactions. The frequent involvement of Cys-36, on the other hand, highlights the importance of the redox regulation of the intra-subunit disulfide bond on the actions of CBS.
To affirm the role of CBS and its N-terminal residues in mediating the ligand interactions of mCRP, wild type, and CBS-mutated mCRP were expressed in E. coli and purified to homogeneity. Recombinant wild type mCRP showed comparable binding capacity as that prepared by urea-denaturation 
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of purified serum CRP (Fig. 6 ). Mutating the 3 N-terminal residues in CBS of recombinant full-length mCRP (C36A/ L37A/H38A) greatly, albeit differentially, impaired the interaction of recombinant mCRP with ligands. As comparison, deleting the C-terminal residues of CBS (⌬39 -47) had only marginal effects on maximal binding of mCRP but showed 5-20 times reduced affinities (data not shown). Complete deletion of CBS (⌬35-47), however, nearly abrogated the binding capacity of mCRP. Together, the above results demonstrate that the specificity and potency of CBS are critically determined by Cys-36, Leu-37, and His-38 with the plasticity of the binding site being conferred by the disordered C-terminal residues (see also Fig. 9) .
CBS Inhibits Proinflammatory Actions of mCRP in Vitro and in Vivo-
We next examined whether CBS peptide had functional bioactivities in inhibiting the proinflammatory actions of mCRP. mCRP is a potent activator of endothelial cells (ECs) through interaction with cholesterol-enriched lipid rafts when applied apically (29, 44) and EC activation is an early event in atherosclerosis, leading to the adhesion and entry of monocytes into vessel walls (45) . Apical stimulation of HAEC monolayers with mCRP strongly up-regulated surface expression of adhesion molecules (Fig. 7A) leading to a 5-fold increase of U937 monocyte adhesion (Fig. 7, B and C) . Tissue-associated mCRP may also contribute to the retention of monocytes via interacting with integrins (46) . Indeed, mCRP coating greatly enhanced the adhesion of U937 monocytes (Fig. 7D) . Notably, these actions of mCRP were all significantly reversed by pre-treatment with CBS but not by scrambled CBS or a control peptide of a.a. 1-16 (Fig. 7) .
Intraperitoneal injection of mCRP into mice has been shown to induce an acute increase of IL-6 in peritoneal fluid (19) . As the majority of peritoneal cells are macrophages (47) , they are likely to be the main producers of IL-6 in response to mCRP. Of note, the interactions of mCRP with monocytes (7, 48) and macrophages (27) have both been FIGURE 3. CBS exhibits intrinsically disordered region-like conformation features. A, crystal structure of subunit A of pentameric CRP (PDB 1B09) in which a.a. 35-47 is highlighted. B, circular dichroism spectra of CBS peptide. Estimated contents of secondary structure elements are indicated. C-E, structures of CBS, a.a. 92-106 and a.a. 107-118 were taken from the crystal structure (PDB 1B09) and subjected to a 100-ns molecular dynamics simulation. C, frequency of each residue in the indicated peptide exists as ␤-sheet, ␣-helix or coil conformations across the 100-ns simulation. D, backbone root-mean-squared deviation (RMSD) from the initial crystal structure was plotted with time. E, conformation snapshots at 0, 5, 50, 62.5, 80, and 100 ns of simulation. CBS fluctuated through a range of conformations with preserved N-terminal ␤-strand and C-terminal loop. These were in contrast to the rather stable conformations of control CRP peptides during the simulation. APRIL 15, 2016 • VOLUME 291 • NUMBER 16 FIGURE 4 . The N-and C-terminal contribute differentially to the inhibitory capacity of CBS peptide. CBS mutants with truncations in its N or C terminus were tested for their effects on mCRP binding to ApoB (A), C1q (B), fibronectin (C), collagen IV (D), fibrinogen (E), and insertion into the cholesterol-enriched monolayers (F) (n ϭ 3). In A-E, assays were performed as described in Fig. 2 . In F, monolayer technique (see "Experimental Procedures") was used to more appropriately model the interaction of mCRP with cholesterol in a membraneous environment. In most cases, the inhibitory effects of CBS were completely lost following N-terminal truncation, but was not abrogated by C-terminal truncation. shown to also depend on lipid rafts. Accordingly, co-injection with CBS peptide markedly inhibited mCRP-induced IL-6 release (Fig. 8) . By contrast, neither scrambled CBS nor a control peptide of a.a. 27-38 showed inhibition. Injection of CBS or the control peptides alone did not affect the basal levels of IL-6. These results demonstrate CBS peptide as a functional inhibitor of mCRP.
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Discussion
The major hurdle for defining the pathophysiological role of CRP, particularly in complex or chronic diseases, is the conditional expression of distinct or even contrasting actions by different CRP conformations at systemic or local levels (3) (4) (5) . Conformation-specific modulation is therefore mandatory to clear this hurdle. With the aid of crystal structure, a specific inhibitor blocking the binding of pentameric CRP to phosphorylcholine has been developed showing beneficial effects in a rat model undergoing acute myocardial infarction (49) . However, given the putative function of CRP in host defense (50) and its (tonic and global) anti-inflammatory activities (4, 51) , the systemic long-term inhibition appears to be problematic. mCRP may be the functionally dominant conformation of CRP active in inflammatory loci (3) (4) (5) . It could be formed by localized dissociation of the hepatically produced CRP, or may be produced locally by stimulated monocytes (3) (4) (5) . The recurrent promoter mutation of CRP identified in human cancers strongly supports the importance of locally produced CRP and its conversion to mCRP in promoting chronic inflammation underlying tumorigenesis (52, 53) . Targeting the local proinflammatory actions of mCRP thus represents not only a valuable research tool but a potential therapy against certain diseases. The lack of high resolution structure of mCRP, however, impedes the rational design of its inhibitor. Nevertheless, the prominent loss of tertiary packing in mCRP (6, 19, 34) hints the contributions of sequence motifs that are amenable to identification by peptide screening.
One striking result of the screening is that a single peptide, corresponding to the CBS motif, abrogates the binding of mCRP to various types of ligands (Fig. 2) and inhibits its proinflammatory actions on endothelial cells and monocytes/macrophages (Figs. 7 and 8 ). This strongly argues that CBS forms the major recognition site of mCRP. Such an unexpected versatility of CBS is not an artifact because (i) no other tested peptides show comparable behavior (Fig. 2 ) though CBS appears not to process extraordinary physical properties (Fig. 1), (ii) the features of inhibition by CBS differ with ligands (Fig. 2) , and (iii) distinct sets of N-terminal residues of CBS determine its specificity and potency toward different ligand interactions (Fig. 5) .
Consistent with the functional importance, CBS, in particular its N-terminal portion, exhibits stronger evolutionary conservation over the full-length sequence (data not shown). Of the N-terminal residues, Cys-36 is invariable during the evolution and is frequently involved in ligand binding (Fig.  5) . As Cys-36 normally forms an intra-subunit disulfide bond with Cys-97, this highlights the importance of redox status of Cys-36 in tuning the activities of CBS (19) . Nonetheless, such Leu-37 is required for CBS binding to all the tested ligands (Fig. 5) . Though less conserved, variants to Leu-37 tend to be hydrophobic. His-38, by contrast, swings between hydrophilic His/Arg/Gln and hydrophobic Tyr/Trp during the evolution (data not shown). Considering the minor contribution of His-38 in CBS recognition, it is plausible that hydrophobic interactions dominate the actions of CBS. On the other hand, Val-35 is not required for ligand binding but is nonetheless highly conserved, suggesting a role of this residue in the structural aspect of CRP. Such information thus provides the basis for rational optimization of CBS peptide to further enhance its performance as an inhibitor of mCRP (Fig. 9) .
The relatively low IC 50 of CBS peptide determined in in vitro inhibition assays may be the major concern for its future application. Another concern is likely related to the versatility of CBS peptide, because not all ligand interactions lead to a detrimental outcome. These concerns could in principle be addressed by adjusting the key contributing residues in CBS peptide and/or its multivalency to improve potency and/or selectivity. Moreover, the performance of CBS peptide in vivo (Fig. 8) is very much better than that in vitro (Fig. 2) , indicating FIGURE 7 . CBS inhibits mCRP-induced cell adhesion. A, confluent HAEC monolayers were pre-incubated with 0.5 mg/ml CBS or scrambled CBS followed by stimulation with 50 g/ml Cys-mutated mCRP. Treatment with 1 g/ml LPS was used as the positive control. Adhesion molecules on the surfaces of HAECs were evaluated by flow cytometry using PE-labeled anti-E-selectin, APC-labeled anti-ICAM-1, and FITC-labeled anti-VCAM-1 mAbs (n ϭ 3). B, confluent monolayers of Calcein AM-labeled HAECs were pre-incubated with 2.5 mg/ml CBS or control peptide (a.a. 1-16) for 30 min. Following gentle washing, Hoechst 33342-labeled U937 cells were added together with 50 g/ml Cys-mutated mCRP for 60 min. U397 adhesion was visualized by confocal microscopy. In control experiments, peptide pre-treatment and mCRP stimulation were omitted. C, quantification of experiments in B (n ϭ 9). ***, p Ͻ 0.001; **, p Ͻ 0.01. D, mCRP at the indicated concentrations was immobilized onto microtiter wells overnight at 4°C. After blocking with 0.1% BSA, U937 cells were added with 2.5 mg/ml CBS or control peptide (a.a. 1-16) for 60 min followed by gentle rinsing and fixation. U937 adhesion was quantified by crystal violet staining (n ϭ 3-4). FIGURE 8. CBS inhibits mCRP-induced peritoneal IL-6 release. Male Kunming mice were intraperitoneally injected with PBS or Cys-mutated mCRP (2.5 mg/kg) with vehicle, CBS, scrambled CBS or a control peptide (a.a. 27-38) (14 mg/kg). Peritoneal fluid was collected 2 h later and assayed for IL-6. ***, p Ͻ 0.001.
that the experimental setting of the latter might underestimate the actual performance. Therefore, the optimized CBS peptide represents a promising option as a research tool and also a potential therapy. 
